Biological disease-modifying antirheumatic drugs target specific components of the immune response related to pathogenesis of autoimmune and inflammatory diseases. Introduction of biologic therapies has enabled better disease control than conventional drugs and thus a reduction in comorbidity and mortality. However, there is concern about adverse effects of these drugs including infections, cancers and drug-induced autoimmune diseases. Patients undergoing biologic treatment are at small but significant risk of serious infections. The overall risk of malignancies in patients on biologics compared with the general population is not increased, but there is evidence of a higher risk of individual cancers. Surprisingly, biological treatment may induce autoantibody production and, rarely, development of autoimmune diseases. A growing body of literature has evaluated the risk of adverse effects during biologic therapies. This paper outlines adverse effects of biological disease-modifying antirheumatic drugs related to immune system disorders, both immunodeficiency and autoimmunity.
Introduction
The treatment of rheumatic inflammatory diseases has been revolutionized by the development of biological therapies. Biological disease-modifying antirheumatic drugs (bDMARDs) are divided into groups based on their molecular target including tumor necrosis factor α inhibitors (TNFis: infliximab, etanercept, adalimumab, certolizumab pegol, golimumab), CD-20 activity blocker (rituximab), anti-interleukin-6-receptor antibodies (anti-IL-6R: tocilizumab, sarilumab), anti-interleukin 17/anti-interleukin-17-receptor antibodies (anti-IL-17/IL-17R: secukinumab, ixekizumab, brodalumab), anti-interleukin-1-receptor antibody (anti-IL-1R: anakinra), anti-B-lymphocyte stimulator antibody (anti-BLyS: belimumab) and T-cell costimulation inhibitor (abatacept).
Although the mechanism of action is different for each group, the bDMARDs' therapeutic effect is achieved by dampening the immune response and reducing inflammation. The therapeutic efficacy and safety of the above-mentioned drugs have been well established and the agents have been approved by the U.S. Food and Drug Administration [1] .
However, bDMARDs have adverse effects (AEs) including the most common injection site reactions and rare but severe complications. There have been reports of an increased risk of serious infections and malignancies, due to immunosuppression, and paradoxically, an increased risk of autoimmune diseases. Specific risk with bDMARDs include heart failure with TNF inhibitors, depression with rituximab, neutropenia with anakinra, gastrointestinal perforations with IL-6R antagonists and inflammatory bowel disease with IL-17 antagonists.
Immunodeficiency occurs when one or more components of the immune system are compromised. Biological therapies target inflammatory and immune pathways and therefore may cause immunodeficiency. Since the main function of the immune system is defense against infection, immunosuppression may lead to serious infections defined as life-threatening or requiring hospitalization [2] . Moreover, the immune system plays a critical role Reumatologia 2019; 57/4 in surveillance of cancers. Tumor-associated antigens are recognized by T cells, which results in cell-mediated and humoral immune responses against cancer cells [3] . Immunocompromised individuals have an elevated risk of cancer compared with the general population [4] . Therefore, there was a concern that treatment with bDMARDs may increase the risk of malignancies.
Autoimmunity is an abnormal immune response directed against self-antigens, which results in tissue damage and chronic inflammation [5] . Common autoimmune diseases include rheumatoid arthritis (RA), systemic lupus erythematosus (SLE) and inflammatory bowel disease (IBD). Biological treatment dampens the inflammatory cascades and thus slows down the progression of these conditions. Surprisingly, bDMARD therapy may lead to induction of autoantibodies and development of drug-induced autoimmune diseases [6] .
Infections
Due to their immunosuppressive effect, bDMARDs are associated with an increased risk of infections. Data from two large registries, the Anti-Rheumatic Therapy In Sweden (ARTIS) and the British Society for Rheumatology Biologics Registers (BSRBR), suggest that the risk of serious infections (SIs) in RA patients is small, but clinically significant [7, 8] .
A meta-analysis conducted by Singh et al. [9] shows that the absolute risk of serious infections associated with biologic agents compared to that with conventional synthetic DMARDs (csDMARDs) is increased and dose-dependent: 6 per 1000 RA patients treated each year and 17 per 1000 for standard and high dose biological therapy, respectively.
One study comparing bDMARDs with the general population found that the standardized incidence rate of serious infections is 16-21 for TNFis [10] . Moreover, the risk of serious infections in RA patients on anti-TNF treatment is time-dependent and is significantly elevated early on during treatment [7, 11] .
In general the risk across bDMARDs is similar [12, 13] . However, several studies indicate infliximab and adalimumab as agents with a higher risk of infections than etanercept [14, 15] .
The spectrum of infections during bDMARD therapy is broad. The etiology of the infections may be bacterial, viral, invasive fungal and parasitic. The most frequent infections in patients on biologic drugs are pneumonia, other respiratory infections and infections of bones and joints [16] . The infectious disease course during immunosuppressive therapy is frequently severe.
There is a particular concern among rheumatologists about the incidence of tuberculosis (TB) and the risk of latent TB reactivation in patients on biologic therapy. Bacterial lipopolysaccharides (LPS) are known to induce macrophage activation and secretion of large amounts of TNF [17] , which allows the host to fight the infection. Mycobacterium tuberculosis enhances LPS-induced TNF production [18] . Importantly, TNF was shown to be essential in control of TB and cannot be replaced with other cytokines [19] . TNF-deficient mice are highly susceptible to infections including reactivation of latent TB [20] .
It has been shown that RA patients not exposed to bDMARDs have a 4-fold increased risk of TB compared to the risk in the general population [21] . Corticosteroid treatment is an another risk factor for developing TB [22] . Moreover, host defense mechanisms that act to control TB infection are affected during anti-TNF therapy [23] . Thus, screening for TB should be conducted in patients starting and receiving biologic drugs. There are two test methods available: the purified protein derivative (PPD) test and the interferon-gamma release assays (IGRAs) including the QuantiFERON-TB Gold assay [24] . The PPD measures type IV hypersensitivity in response to antigens of Mycobacterium tuberculosis and has low sensitivity in immunosuppressed patients and is positive in patients vaccinated with the BCG vaccine. IGRAs test ex vivo the reactivity of patient-derived T cells, which is also dependent on the patient immune status. Furthermore, there is low to moderate agreement between the PPD and IGRAs [25] . In view of the limitations, screening with both tests is proposed. However, IGRAs are recommended if the patient has been vaccinated with the BCG vaccine [26] .
It is well known that reactivation of herpes zoster, another opportunistic infection, may lead to spread of the disease and death in immunosuppressed individuals [27] . Analysis of large databases has shown that there is no increased risk of herpes zoster infection in RA patients on bDMARDs versus csDMARDs [28, 29] . Stratified analysis of the randomized controlled trials' data performed by Marra et al. [29] demonstrated a greater risk of herpes zoster events for non-TNF agents compared to TNF inhibitors. However, this finding needs to be confirmed in further studies. It is noteworthy that the rate of herpes zoster infections in RA patients is reported to be more than double compared to the general population and clinical vigilance is needed [30] .
There is also concern among clinicians about the risk of progressive multifocal leukoencephalopathy (PML) in patients receiving biological therapy. PML is a demyelinating disease of the central nervous system caused by reactivation of latent JC polyomavirus. In rheumatology, the highest risk of PML is associated with rituximab treatment [31] . Nevertheless, a cumulative analysis of PML cases in patients with RA or vasculitis demonstrated that PML events are very rare and remained stable despite increasing use of rituximab [32] .
Sepsis may be a complication in serious infection. Sepsis is a major concern in patients with serious in-fections because it ends in death in 30-50% of cases [33] . Interestingly, the effect of bDMARD therapy on the risk of sepsis following serious infections in RA patients seems to be favorable.
Richter et al. [16] conducted an observational cohort study and investigated outcomes of serious infection in a large group of patients (n = 947) recruited to the German biologics registry Rheumatoid Arthritis: Observation of Biologic Therapy (RABBIT). 11.7% of cases of serious infections developed into sepsis and 63% of these had a fatal outcome. It is noteworthy that the risk of sepsis and mortality was significantly reduced in patients on bDMARDs compared with those on csDMARDs. Sepsis is linked to an overabundant inflammatory response. In the serum of patients with sepsis increased levels of TNF and IL-1 are detected [33] . Thus, attempts were made to treat the patients with antibodies against TNF and with IL1R antagonist. A systematic analysis of studies concerning anti-TNF therapy in sepsis suggested that the treatment significantly reduces mortality [34] , which is consistent with the observation in an RA patient cohort.
Surprisingly, a placebo-controlled trial did not show a reduction in mortality in patients with sepsis treated with IL1R antagonist [35] . In this study, the treatment was administered after development of sepsis when the inflammation cascade had begun. The timing of inflammatory cytokine blockade may influence the effect of therapy [36] . Better outcomes of sepsis in patients during bDMARD treatment compared to cases when drugs were administered after sepsis development suggest that an early start of therapy is important. Further studies are necessary to confirm the hypothesis.
Malignancies
After the introduction of bDMARD therapy there was a growing interest in the risk of malignancies in patients during the treatment. Because TNF is an essential cytokine in defense against cancer, it was assumed that its blockade might facilitate the development of malignancies. An early meta-analysis indicated an over three-fold increase in cancers in patients treated with infliximab or adalimumab versus placebo [37] and fueled concerns about the risk of malignancies during anti-TNF therapy. However, further studies did not show an increase in the overall risk of cancers in patients on bDMARDs both in comparison to the general population and to patients on csDMARDs. In the group of patients from the Spanish Registry for Adverse Events of Biological Therapy in Rheumatic Diseases (the BIOBADASER), including 2531 cases of RA, 1488 cases of spondyloarthropathies and 675 cases of other rheumatic conditions, it was demonstrated that overall cancer rates in patients with rheumatic diseases exposed to anti-TNF agents are no higher than in the background population [38] . Similarly, analyses based on data from two other large biologics registers -RABBIT and the BSRBR -showed no significant differences in the incidence of malignancies in patients on anti-TNF drugs and patients on csDMARDs [39, 40] .
Regarding the risk of individual cancers, RA patients on biologic agents, as compared with the general population, were indicated to have a higher risk of hematologic malignancies [41] . However, no increased risk of lymphoma was found in patients on TNFis compared with those on csDMARDs [42] . In RA the overall incidence of lymphomas is twofold higher in comparison to that in the normal population. The risk of lymphoma in RA patients seems to be more dependent on RA itself and disease activity than on the treatment [42] , which is consistent with the knowledge that chronic inflammatory diseases increase the risk of malignancy.
A recent study based on data from the Swedish registry showed that women with RA on anti-TNF therapy are at increased risk of cervical cancer compared with biologics-naive women with RA [43] . The relative risk of invasive cervical cancer in the group on TNFi was doubled. Further analyses are needed to examine whether the increased risk of cervical cancer is causally linked with anti-TNF treatment.
The risk of malignancies in patients treated with bDMARDs other than TNFis is less investigated. In a recent prospective cohort study based on the ARTIS register database the incidence of malignant neoplasms in RA patients treated with abatacept, tocilizumab and rituximab was evaluated [44] . There were no statistically significant differences in the risk for solid and hematologic malignancies, excluding non-melanoma skin cancer, between patients on non-TNFis and patients on csDMARDs or the general population. An increased risk of non-melanoma skin cancer, compared with csDMARDs, was found for abatacept. This is in good agreement with analysis of long-term safety of abatacept, which indicated non-melanoma skin cancer as the most frequent malignancy in abatacept users [45] .
Biologic treatment may theoretically interfere with immune cancer surveillance and clinical guidelines warn against the use of anti-TNF agents in patients with a recent history of cancers [26] . To investigate the risk of recurrence of solid non-skin cancers in RA patients during anti-TNF therapy, 446 RA patients with at least one diagnosis of cancer prior to the administration of TNFi were compared with 1278 controls with a history of equally recent cancer of the same type and stage [46] . Cancer recurrence incidence was 7% in both RA patient cohorts. The study reassures clinicians that there is no increase in risk of cancer recurrence in RA patients with a history Reumatologia 2019; 57/4 of cancer on TNFi compared with those on non-biologic treatment. However, that conclusion cannot be generalized to patients with a very recent cancer or poor prognosis and further investigations should be undertaken.
Autoimmunity
Autoimmune phenomena during biological therapy of rheumatic disease are related mainly to anti-TNF agents. For the last two decades of TNFi clinical use there have been reported a number of autoimmune diseases, principally drug-induced lupus and vasculitis-like events (VLEs) and very rare events including interstitial lung disease, sarcoidosis, autoimmune uveitis, autoimmune hepatitis, and central and peripheral nervous system demyelination.
The characteristics of lupus and vasculitis like events are very diverse. Drug-induced lupus resolves within weeks to months after administration of a lupusinducing drug. Definition includes the presence of at least one SLE symptom (common symptoms: malaise, arthralgia, polyarthritis, myalgias, fever, serositis, rash) and antinuclear antibody (ANA) positivity or laboratory abnormalities including leukopenia, thrombocytopenia and increased erythrocyte sedimentation rate [47] . As regards VLEs, the types of the events range from limited cutaneous manifestation including urticarial, purpuric and ulcerating lesions to severe systemic involvement.
Treatment with TNFis may result in ANA induction and development of lupus-like events (LLEs). An increasing number of studies have found that the incidence of ANAs in patients on TNFis is high. Bardazzi et al. [6] reported that 37% of 128 psoriatic patients treated with anti-TNF agents developed the antibodies and only one patient suffered from drug-induced lupus erythematosus. Out of three investigated drugs -adalimumab, etanercept and infliximab -the latter was the most implicated [6] .
This observation is consistent with the results of other studies. In a group of 229 RA and ankylosing spondylitis patients treated with infliximab (159 patients) and etanercept (125 patients) induction of ANAs was observed only during infliximab therapy [48] . Only three patients were diagnosed with LLE. In a randomized phase III trial ANA seroconversion at low titers was observed in 54 of 342 (16%) RA patients on infliximab and one patient suffered from LLE [49] .
Immunogenicity of certolizumab pegol and golimumab is likely to be low. In a large randomized controlled trial only 2% of certolizumab-treated patients with Lesniowski-Crohn disease developed ANAs [50] . An analysis of golimumab safety performed by Kay et al. [51] showed that there is no statistically significant risk of autoimmunity during 3-year treatment in patients with RA, ankylosing spondylitis and psoriatic arthritis.
The studies suggest that there is a drug-specific difference in ANA induction and infliximab is the most potent. It may be due to the infliximab structure. It is a chimeric antibody and this may result in a greater immune response.
Although seroconversion to ANA positivity following anti-TNF agent usage is well known, the development of clinically evident autoimmune disease is rare. The former does not imply the latter, and routine ANA testing does not help clinicians to predict development of LLEs and VLEs [52] . There is a vast amount of literature on immune-mediated adverse effects in patients on anti-TNF treatment, mainly case reports, retrospective studies and spontaneous pharmacovigilance. In a French national retrospective study, it was found that LLEs include manifestations limited to skin symptoms (10/22 patients) and more severe systemic manifestations (12/22) . It was estimated that the incidence of LLEs is very low (0.19% with infliximab, 0.18% with etanercept, 0.10% with adalimumab) [53, 54] . The risk of development of LLEs during certolizumab pegol or golimumab therapy is estimated to be even lower [51, 55] , but it may be due to a shorter period of clinical use of the agents. Furthermore, it was found that switching from infliximab or adalimumab to certolizumab may cause resolution of LLEs [56] .
Analysis regarding the VLE during anti-TNF therapy indicated that it is, similarly to LLEs, a rare event [57] and it is mainly limited to a skin manifestation, but visceral vasculitis with nervous system, renal and lung involvement was observed [58] .
The retrospective studies provide information about the characteristic of events, but have a number of limitations, for example do not allow the incidence rate to be calculated [53, 57] .
A prospective cohort study based on the British Society for Rheumatology Biologics Register-RA database (BSRBR-database), one of the largest biological registers, allowed the risk of AEs during biological treatment to be evaluated [59] . The most significant result of the study is that the absolute risk of the events during TNFi treatment is very small (10/10 000 patient-years for LLE, 15/10 000 patient-years for VLE). Moreover, the majority of events were limited to skin manifestations. The risk of the events was proved to be the highest for infliximab, which is in consistent with other studies. High disease activity (baseline DAS28 score and HAQ score) was proved to be associated with an increased risk of LLEs and VLEs, while concomitant treatment with csDMARDs was proved to be associated with a lower risk. It has been calculated that there is no increased risk of LLEs and VLEs in RA patients on anti-TNF agents (n = 12 973) in comparison with a cohort receiving csDMARDs (n = 3673) and, therefore, the addition of TNFi to csDMARDs does not alter the risk of the events. To date, that is the sole prospective observational study that allows one to evaluate the actual risk of LLEs and VLEs during anti-TNF therapy.
Among biological drugs approved for rheumatic diseases, beside anti-TNF agents, rituximab, tocilizumab and anakinra were linked to isolated cases of autoimmunity [60, 61] . Further studies are needed to estimate the risk of autoimmune diseases in patients on bDMARDs.
TNF is well known as a proinflammatory cytokine. The fact that inhibition of TNF is associated with the onset of autoimmune diseases is surprising and indicates the complex role of TNF in the immune system. One possible explanation of this phenomena is that anti-TNF therapy disturbs the balance between regulatory T cells (Tregs) and autoreactive effector T cells (Teffs). Autoreactive Teffs are present in healthy individuals and are persistently suppressed by Tregs [62] . TNF by signaling through TNF-receptor 2, which is highly expressed on Tregs, mediates signals promoting activation and proliferation [63] . Thus, a blockade of TNF by anti-TNF antibodies may result in downregulation of Treg activity and therefore in activation of autoreactive Teffs. Alternatively, anti-TNF antibodies may lead to autoimmunity by inducing apoptosis with release of nuclear autoantigens. Moreover, an increasing number of infections during anti-TNF therapy may induce polyclonal B-lymphocyte activation and production of antibodies and thus contribute to development of autoimmune-related diseases. Further investigations on the autoimmunity during TNFi treatment are required to elucidate the mechanism.
Conclusions
Adverse effects of bDMARDs are rare but clinically important. Safety data come from many sources. The most useful data for determining the risk of events are those from large national registries. To date, the risk of infections in RA patients on anti-TNF treatment has been shown to be significant.
Screening prior to initiating biological treatment of rheumatic diseases should include testing for tuberculosis, hepatitis B virus, hepatitis C virus and human immunodeficiency virus infections.
Regarding malignancies, there is no significant difference in the overall incidence of cancers in patients on anti-TNF treatment and the general population or patients on csDMARDs. There have been reports of an increased risk of hematologic malignancies and non-melanoma skin cancers in RA patients treated with TNFis and abatacept, respectively. Nevertheless, studies in a large cohort of patients are needed to evaluate this risk.
In patients on bDMARDs autoantibody induction is frequently observed, while development of autoimmune diseases is a rare event. Routine ANA testing in patients receiving biological therapy is not recommended. Autoimmunity during anti-TNF treatment seems to be related to pleiotropic functions of TNF in regulation of the immune system and further studies are needed to explain the pathogenesis of this phenomenon.
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